Relatively large crystallographic pits can be developed potentiostatically on the previously passivated surfaces of ferritic alloys in acid at the potentials near the current maximum in the active potential region. The pit facets or the residual planes change depending on the potential and anion species present. At less noble potentials in the range, pits with {100} facets develope in 1N H2SO4 containing 0.01N NH4SCN and {110} facets in 1N H2SO4 containing 2N NaCI. Both facets are substituted by less densely packed {111} planes at more noble potentials in the Flade region. Growth rates of these crystallographic pits have been determined by in situ microscopic observation.
Introduction
As a practical factor in aqueous corrosion, grain orientation seems to be unimportant. 
Experimental

Specimen Preparation
Ferritic alloys used were a 17Cr stainless steel (16.69% Cr, 0.088% C) and a 18Cr-Fe binary alloy (18.35% Cr, 0.0016% C, 0.007% S). A 17Cr steel sheet, 1.0mm thick, was annealed at 950C for 24 hours. The binary alloy was prepared by vacuum melting electrolytic iron with electrolytic chromium. To obtain a coarse grained ferritic structure, annealed sheet, 1.0mm thick, was cold rolled to 3 % reduction, then annealed at 1000C for 5 hours.
Square specimens (20x20mm) were cut from these coarse grained sheets. Each specimen was lined with a piece of PVC sheet having a hole for a lead wire which was soldered to the back of the specimen.
Surface preparation consisted of two steps. The second step was the film formation in 1N H2SO4, which was performed in the electrolytic cell for etch pitting. Specimens were polished mechanically with 1200 grit emery paper in water, buffed with alumina (0.05u in diameter) and electropolished in a Jacquet solution at 20V for 30 minutes.
Potentiostatic Etch Pitting
For the potentiostatic etch pitting of the passivated steel and alloy, the following two etchants, without addition of oxidation agents, were used: (1) 1N H2SO4-x0.01N NH4SCN and (2) 1N H2SO4+2N NaCI. Potentiostatic etch pitting of the passivated surfaces was carried out at 25C in a cell similar to that shown in Figure 1 .
Determination of Growth
Rates of Crystallographic Pits Growth rates of crystallographic pits, which were developed potentiostatically on passivated surfaces of the binary alloy, were determined in situ microscopically in 1N H2SO4 containing 2N NaCI. The finished specimen (9x9mm) was mounted into the cell made of acryl resin as shown in Figure 1 . The specimen was held so that the surface was horizontal and upward, and the surface area of 0.25cm2 was exposed to the solution by using a PTFE gasket. The counter electrode was a platinum sheet. The objective (x40) of the microscope was coated, except the lens. From a stock bin in a thermostat the solution was transferred into the cell which had a jacket for circulating water to maintain the solution temperature. The temperature of the solution in the cell was measured by a thermistor thermometer. The solution was deaerated in the stock bin, but the potentiostatic etch pitting was performed under conditions admitting an access of air. During the etch pitting the solution was stagnant. The experiments were carried out at 5 to 45C.
All the potentials were referred to the saturated calomel electrode (SCE) at 25C.
The experimental procedure was as follows. 1N H2SO4 solution was transferred into the cell on the stage of the microscope. After activation at -700mV for 10 minutes, the specimen surface was maintained at 1200mV in the transpassive potential region (for 15 to 120 minutes) until the amount of electricity reached about 3000mC/cm2. Just after the solution renewal by the etchant from the stock bin, the potential was set at the predetermined value. Intermittent photography was started after focusing.
A two pen recorder, connected to the camera shutter, recorded the time of microphotographing as well as the current. Pit growth was pursued by microphotographing until the grown pits covered the whole range of a vision.
All the photos were enlarged and the diameters of superficial pit polygons were measured on the photos, where 1u corresponded to 1.3mm.
Experimental Results
Potentiostatic Etch Pitting From the results of this investigation arid a preceding investigation
on an austenitic stainless steel,10,11) it is concluded that crystallographic pits can be developed on the passivated surfaces at least in the three potential regions shown in Figure   2 .
The first, Type A etch pitting, occurs on the passivated surface at potentials near the current maximum in the active region and also in the Flade region.12,13) The pitting occurs at sites of film breakdown in the early stages of the active dissolution, and the developed crystallographic pits are good for the orientation determination of individual crystal grains by an optical goniomicroscope.14)
Second, crystallographic pitting (Type B) can occur during the transpassive dissolution15) for a prolonged time. As far as stainless steels are concerned, this crystallographic pit seems to be formed by the orientational enlarging through the transpassive dissolution of a pore which was caused by the preferential dissolution of a precipitate such as chromium carbide. The annealed 17Cr-steel showed many Type B etch pits after a prolonged pretreatment at the transpassive potential in 1N H2SO4.
Crystallographic pitting (Type C) can also be Figures  3 and 4 , respectively. Figure  3 shows Type B pits developed in the surface of the 17Cr-steel during the prolonged pretreatment at 1200mV for 3 hours in 1N H2SO, as well as pits having {100} facets, formed by Type A etch pitting in 1N H2SO4 containing 0.01 N NH, SCN. The facets of Type B pits seem to be {110}. Figure 4 shows a typical Type C pit on the 18Cr-Fe alloy etched in 1N H2SO, containing 2N NaCl. The left side of Figure 4 was taken by focusing on the bottom of the pit whose facets were {110}.
Features of Type A Etch Pitting
Type A etch pitting occurs in the passivated surfaces when the specimen is brought to the potential in the active region determined by the preceded polarization measurements with an activated speci- men. The pitting is a transient phenomenon in the early stages of the active dissolution. The film remaining outside pits in an unstable state inhibits the lateral enlarging of the pits (Fig. 5) . To develop regular, large pits (>10u in diameter) it was essential to pretreat the surfaces at transpassive potentials (at 1200mV, for 15 minutes at 25C), as far as these ferritic steel and alloy were concerned.
Pit facets or residual planes composing pit walls change, depending on the anion species in the etchant and/or on the potential. schematically the dependency. At less noble potentials, pits composed of {100} facets were developed in the etchant containing NH4SCN (Figure 3) , and pits of {110} facets were formed in the chloride containing etchant ( Figure 5 ). These pit facets change to less densely packed planes of {111}, independently of anion species, at more noble potentials in the Flade region as shown in Figure d . Figure 7 shows the feature of the facet conversion in 1N H2SO4 containing 2N NaCI at 25C. 3.3 Growth of Crystallographic Pits during Type A Etch Pitting Growth of Type A etch pit was observed systematically in 1N H2SO4 containing 2N NaCI at 5 to 45C by using the 18Cr-Fe alloy. The potential range, in which potentiostatic etch pitting of the surfaces supporting transpassive 'films has been carried out, is shown in Figure 8 with a polarization curve obtained at 25C by using an activated specimen and a sweep rate of 25mV/3 minutes.
Growth curves, i. e., diameter of a pit vs. time curves, were not linear as shown in Figure 9 . The curves for (111) facet pits developed at -250mV (vs. SCE at 25C), however, can be considered approximately linear.
Since the Type A etch pitting occurs at sites of film breakdown, the pit density depends on the potential as well as the metallographic structure of the surface. The pit densities in the initial stages at the potentials studied were -104/cm2. The pit densities in the later stages, however, varied, depending on the potential as shown in Figure 10 . 4. Discussion 4.1 Method of Calculating Rates of Faceting Dissolution On the basis of the increasing rate of the pit diameter, dissolution rate of a pit facet or current density on a facet can be calculated from geometrical consideration because the surface plane cuts the polyhedron composed of the facet planes at its center of gravity (Figure 11-a) . The current density of the faceting dissolution can be obtained
where a, S, and V represent an edge length of the polyhedron, inner surface area, and volume of the pit, respectively.
Hence,
In Equation (2),
is constant for the polyhedron.
The measured diameter (D) of the superficial polygon is not necessarily the edge length (a). Then, D=gxa where g is specific in each experiment and depends on the grain orientation. Therefore,
On the assumption that iron and chromium nonselectively go into solution as Fe(II) and Cr(III), Equation (4) can be written, using p= 7.73g/cm3, as
When the pit is composed of two kinds of facets, for example {110} and {111}, current densities on both facets can also be determined. As shown in Figure 11 -b, a ratio a=x/c (6) can be measured. Hence, the relation (1-a13)aciio=aciii (7) is obtained similarly from the geometrical consideration. Growth rates of Type A pits decreased as they grew, except for (111) facet pits ( Figure 9 ). The diameters could be determined when the pits grew more than 1 p in diameter. The dimension of the pits observed in this study is, therefore, very large compared with the dimension of the kink-ledgeterrace model. Thus, it is desirable to get the rate of faceting dissolution in the initial stages of pit growth.
For calculating initial current densities on the facets, excluding {111} facets, the following method was adopted. On the assumption that the change in current density on a facet is due to the increase in surface coverage by corrosion products, an equation similar to the one derived by Schwabe et al.21) can be obtained,
where t represents the time from pit initiation. Then, dD/dt=A+BKexp(-Kt)
By using the boundary condition, D=0 at t=0,
This gives when t-oo D=At+B
Thus, constants A and B can be determined graphically by use of the linear growth rate in the later growth stages. From Equation (10) log (At+B-D)-log B=-2.303 (12) Plots of log(At+B-D) against -Kt/2.303 showed good linearity. The constant (K) is obtained from the slope. From Equation (9) the growth rate when t tends to zero can be expressed as
By means of Equations (4) and (13), the current density on a facet plane of crystallographic pits in a their initial growth stages can be estimated. 4.2 Type A Etch Pitting as a Process of Faceting Dissolution Estimated current density i(hkt) in the initial stages is plotted against potential at various temperatures in Figure 12 . The real current density of the faceting dissolution was of the same order of magnitude as the mean current density referred to the whole surface of an activated specimen. Comparison can be made in the experiment at 25C in Figures 8 and 12 .
As for the mixed facet pits, {111} planes appear as pit facets at the potential where i 111, becomes smaller than i(110)x/2R/3.
In experiments at potentials where pits with mixed facets develop, the ratio, a, in Equation (6) was measured. From figures which depict the variation of a with time, it is better to consider that a is independent of time. This means that the ratio of i (11o) and i 111) is kept constant at the potential. At -250mV in the Flade region, i «lo) becomes larger than /3//2xi(111) and pits composed of only {111} planes develop. The {111} faceting dissolution, or appearance of residual planes of less densely packed {111}, is observed independently of anion species present as described above.
The residual planes of iron near corrosion potentials in acids are {100}, and (111) faceting occurs under highly polarized conditions.5) From these facts, the (111) faceting seems to be a precursory phenomenon of the passivation of ferriticmetals. Figure 13 shows the Arrhenius plot for ic11o) and 1(111) in the initial stages, where the rate of (110) faceting is considered independent of potential. The apparent activation energy is 9.5kcal/mol for both faceting dissolution in the temperature range of 5 to 45C.
As for the rates of (110) faceting in the later stages, these are more independent of the potential and stand in the same level as 1(111) in the plot of i(hkl) against potential. 
